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MENCRANDUM-RERCRI.OM-RECONNAISSANCE INVESTIGATION

OF GROUND=WATER SUPPLY FOR
DCRA BELLE CAMPGROUND, SHAVER LAKE, CALIFORNIA

By
G. H. Davis

Purpose and Scope

v

ummunawwmmnm«,ﬁhm
wm{:}mmmaxmmmmm..mm-
sance of the geologic features and water resources of the Dora Belle
Campground in Sierra National Forest on the shore of Shaver Lake,
Fresno County, Califdumia."

Basically, the water-supply problem at Dora Belle Campground
uthntummmmwgugummw
touotthoprmutmm)duotmqmuy. Plans
call for a considersble increare in camping facilities. Thus, it
is imperative that the present supply be sugmented or, prefersbly,
be replaced entirely. The Forest Service estimated the future pesk
demand to be sbout 25,000 gallons per day.

On October 28, 1957, the writer examined the area in the company
of C. H. Fankboner, Assistant Forost Engineer, Sierra National Forest,

and Ben Dix, Construction and Maintenance Foreman, Pine Ridge District.
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Tedo o {Jadul&?,lﬂwwfmﬁ v
Fie , done on October 28th and 29th, consisted of a brief geologic

reconnaissance to determine the rock types and geologic structure, and
& hydrologic reconnaissance consisting of a partial inventory of water
vells and springs in the vicinity of the campground. A spring box near
the western edge of Ball Diamond Meadow was pumped out with a Forest
Service pump truck to determine its rate of recovery amd potential
production.

Topography and Climate

Dora Belle Campground is on tbmmm&&lmm.,
Fresno County, wrm,mﬂmmwormmnyor
Shaver lake. The property presently includes the LO acres of the
sulovh sec. 25, T 9 8., n.eu:.,"@,/tmmmm 1s being
negotiated with the Southern /,Cdifornh Bdison Co. to acquire conside
ersble additional acreage zun}m. 26, in the same towvnship (fig. 1).

The area is steep and rocky; local relief in the campground is
mtbﬂud&OfM.Ahthm,MMumrml
1,030 feet um:m.{.tolcult altitude of 6,404 feet. The
area of the campground and its proposed extension drains to Shaver
Lake through a small gully that cuts through the center of the campe
ground. MNost of the developed area of the village of Shaver Lake
drains westerly to Musick Creek, although a few homes are on the lake
side of the divide and thus are a potential source of contamination

to the water supply of the campground.



Precipitation, most of which falls @s snow in the months of
mcwutMMh,wlcbmtSOthsmw(@‘/
State Water Res. Board, 1951, pl. 3). Much of the wecipitation is
retained in storage in the rocks and soil throughout the dry season,
as is evidenced by perennial springs and seeps at several losalities
in the vicinity of the campground.

Shaver Lake is formed by a dam across Stevenson Creek about
2 miles north of Dora Belle Campground. Originally built in 1892
to supply irrigation water and to deliver lumber by means of flumes
and canals to the Clovis ares, on the floor of the San Joaquin Valley,
the lake is now one of several reservoirs in the Southern C:lifornia
mm..l/m Creek-8an Joaquin River power development. It
is raised and lowered in accordance with the company's power=generation
schedule. Consequently, the lm]‘./thmm rapidly over short
periods, although generally is virtually full in early summer and
reaches its lowest level in autumn. The spillway level of Shaver
Lake is 5,370 feet above sea level; at that level the maximum depth
is about 190 feet. The present dam was built in 1927 by the Southern
California Bdison Co. Maximum storage in the lake is 135,000 acre=feet.
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Water-Bearing Characteristics of the Rocks

The entire Shaver lLake area is underlain by granitic rock, v
described by Krauskopf (1953) as & hornblende-biotite granodiorite.
Typically, the rock contains 20 to 30 percent quarts, plagioclase
in excess of orthoclase, and both horrblende and biotite. In the
vicinity of Dora Belle Campground the granodiorite is characterized
ty the presence of small, dark, elongate inclusions of a finery/ g
grained igneous rock wloc:ny contains prominent feldspar
phenocrysts. The inclusions are oriented with their long axes in
the plans of the platy foliation or flow structure. They range in
length from a few inches to about 1 foot; the length generally is
;u’%tou_i;a‘imnumm In most of the ares the inclusions
have a fairly random, uniform distribution, but locally they occur
in minnowelike swarms, suggesting that larger bodies of the darker
rock were being assimilated by the granodiorite at the time of
crystallisation.

The foliation defined by orientsation of minsral grains and
inclusions is the most conspicuous internal structure of the grance
dicrite. However, a far more important structural control of the
m&mmgwawmmaomg
or well-defined cruk, in the grancdiorite ¢het divide it into blocks.
Two sets of vertical joints are well developed, tno-#pi-’mmntof
vhich strikes sbout § 20° ¥, the other about N.65° R (fig. 1). Joints
striking in other directicns are developed locally but do not show a
consistent pattern. Where the vertical joints are widely speced,
exfoliastion joints divide the rock into flat sheets or lenticular slabs



v
that-are roughly parallel to the ground surface.

BmingotwottbjointlmltMStomtm. Weather=
ing is controlled largely by the joints, and rounded residual boulders
are prominent in areas where the vertical joints are evenly spaced and
equally well developed. Erosion moceeds most rapidly in jointed rock
mmtzmmhmﬂ. /weordingly, the topograrhy is comtrolled
by tholdmction of jointing. This is especially true along the western
mammjm}uhlmnmmmmm
along the N,20° W.clignfient of the major joint system. At high water
the valleys representing the closely jointed rock are occupied by arms
of the lake. The ridges are underlain by more massive rock in vhich
the vertical joints are widely spaced.

The rocks of the Shaver lake area may be divided on the basis of
vatersbearing charscter into three principal classes: (1) fresh or
slightly westhered granocdiorite, (2) talus at the base of Mount Stevenson,
and (3) residuum (popularly termed "deccmposed granite”).

Unlike sedimentary rocks in vhich nearly all the water is contained
in the pores between the rock or mineral fragments, most if not all,
the vater in fresh granitic rock is in open joints and other fractures.
Bven in heavily fractured or closely jointed crystalline rock, the total
volume occupied by water is much less than in uncemerted sediments.
Unless the joints and other fractures extend to considerabls depth
bolowtumtobhmmintucomctdmawpuﬁium
amount of vater available is much less than to a well in alluvial deposk s.



If the fractures are not open or are videly spaced, yields of water
trom fresh rock will be correspondingly small,

Talus is made up of angular blocks of granodicrite which have been
broken from the parent mass by mechanical weathering and have fallen
down steep mountain sides or have been carried downslope in landslides.
The large, lmu,/nmlumkﬁlmntom“mmntm
ares for vater,vhich moves resdily downslope toward points of discharge
at lower altitude. The lower slopes of Mount Stevenson to the west of
Ball Diamond Meadow are littered with angular talus blocks. It appears
that the talus is the source of water for the belt of springs along the
vestern margin of the meadow.(fig. 1).

mwmmaamumnmmor
muu,urmwmmugw Pactors
that control the ocourrence of this weathered rock at Shaver Lake are
Jointing and topographic position. Jointing determines the locstion
of the weathering and topographic position determines whether the residuum
vill be preserved from erosion. Residuum may rangs in character from
only slightly altered granodiorite to completely decomposed rock
consisting of quarts grains in a matrix of clay. However, in the Shaver
Lake area both weathering and erosion proceed at a rapid rate; hence,
there is little thoroughly decomposed rock. Most of the residum is
tMMdmmrowcrnﬁl’l/.

Mmummmmthmlhmk)cmofnhm
the joints are widely spaced. Fairly fresh residual boulders are
enclosed in the residuum, Locally they are very largs, up to 20 to 30
feet in width, but for the most part they are smaller. The thickness



and character of the residuum are extremely varisble. Wells within
a few feet of large boulders have penstrated 50 feet or more of
residuum without encountering fresh rock. Nearly all the domestic
wvater supply of the town of Shaver Lake is cbtained from wells
tapping the residuum and, where favorsbly located, shallow wells
have been reported to yield several hunidred gph (gallons per hour).

Source and Movement of Ground Water

The source of ground water in the Shaver Lake area is the

mcipiution)‘;;ich falls chiefly as snow in the months of December
o

through March. Mthonmvulto)mhotth.mmohtu
through the soil into the underlying rock materisl. This ground
water moves in the direction of the slope of the water table from
the intake areas at high elevation to points of discharge such as
vells, springs st the bases of slopes, low=lying areas of soggy
groum,;ndh-'sﬁamhkcitulr. Wherever the water table is
intersected by the land surface, discharge occurs. Barriers to
ground-wvater movement, such as bodies of massive, unfnct\:ed
granodiorite, locally cause hzgwnﬂvatortorintohndmrtm
and flow over the bmierou%nn'rlcvc‘ f3ow. BSuch a bu':-ur is the
ridge of massive granodiorite that forms the eastern limit of Ball
Diamond Meadow (fig. 1). Oround water rising along this barrier
is reported to sustain a small surface flow even during dry years.



Yield of Wells and Springs
Wells tapping residuum are the chief source of domestic water

in the Shaver lake area. Many homes in the village have individual
wells, although many others are served by cooperative water enter-
prises or public utilities. Wells drilled in residuum generally yield
sufficient water for a single home, but water systems that serve many
customers require a large sustained yield. Table 1 presents records
of some of the larger wellc in the village. Yields range from 80 gph
from well 9/2#-35&1,;/ considered unsuccessful by the owner, to as
much as 1,600 gph from well 9/24-35R1. It is probably significant
that wells 35R1 and 35J1, the two most productive wells canvassed,
also penetrate the greatest thicknesses of residuum above hard grano-
diorite. Most of the well owners report that water levels and produc-
tivity of wells decline markedly during late summer, suggesting that
the available ground-water storage is rapidly depleted during the
sumner heavy-use period.

Springs have had only limited use for water ouppl.y‘i;'obcbly
because most are in areas unfavorable for residential development.
The spring at Dora Belle Campground, 9/24-25M1, is the only one in
the area used extensively at present. It yields about 100 sp!‘;vhich
is inadequate for camp demands. Consequently, many campers obtain
water for cooking and drinking at business places in the town. Forest
Service officials report that the yield of the spring declines
noticeably in late summer.

/
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P mMM” by the writer/

formerly supplied a long-sbandoned sawmill at the foot of Mount Stevenson.
No records are available on past performance of these mim,‘/vhtchm
back sbout 50 years. On October 29, a Forest Service pumper with a

T-bp motor was used to puip out spring 9/24-26K1. Because of clogsing
of the pump intake by leaves and pine needles, it was impossible to

keep an accurate record of the dischargs of the pump, but approximately
260 cubic feet or almost 2,000 galions was discharged in about 2 hours.

Measuremerts of recovery vere made st imtervals for about 5% hours.
mmm&m-,%&mwnmn.mofm

75 gphe During the next 2} hoursy it filled st about 55 gph, and
during the last 14 hours, st sbout 43 gph. The average recovery for the
vhole S3=hour period was sbout 55 gph.

In sddition to the springs listed in table 1, several natural seeps
are shown on figure 1. These are for the most part along the west edge
of Ball Dismond Meadow &t the foot of Mount Stevenson. Hery 'ground
vater aoving through talus don the face of Mourt Stevenson, rises 34
land surface owing to4 ufninly low transmissidbility :r the deposits
beneath Ball Diamond Meadow. Water also issues /_"inndm-cccttho
east edge of the mesdov, vhere a ridge of massive granodicrite prevents
subsurface flov to the east. The floor of Ball Diamond Mesdow, even in
mm,mmmmw,m.mmogmcmm
grasses indicates the presence of water close to‘f’h;a surface throughout
.the meadow.



Quality of Water
The quality of water yielded by cased wclh 1n rni.dm is
generally good to excellent. ncmm-, shalldv muea vells, dug
wells, and the spring st Dora Belle cupgrouna é‘)g‘:uuny poor. L g
The vater from these sources has /mnmtombu taste)and )k |
some waters contain finely divided organic matter. Furthermore,
bocmcthoonl;:lm}hodordupocdormatthotmofmm

Leke is by.septic tanks, chlorination has been resorted to in some

supplies (Yo-eitming n) A test of the oup-
AA‘;

ground vater supply from mina 9/2&-25:1 in May 1957 indicated /

’.-tmttm of bacteru Therefore, campers vere

advised to boil the spring water for human consumption.

No chemical analyses of ground waters at Shaver lake were avail-
able to the writer; therefore, the source of the objectionable taste
of the shallow waters is not explained. The association of shallowy
drilled and dug wells lnt}‘%ncc of recognizable organic matter in
some of the foul-tasting water suggests that organic compounds derived
from decaying vegetation may be the source. Iron in solution mﬁ‘ﬁ,é‘ {
be a contributing factor; however, no cbvious i:on’ot':tning around
faucets or wash basins was noted.
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Possibilities of Additional Water Supply

At first glance, a surface supply from Shaver Lake might appear
to be the obvious oolutioné:o the water problem at Dora Belle Camp-
ground. m"m‘muf however, because (1) all availsble
water is owned by the Southern California Edison Co. and %
power generation and (2) owing to extreme fluctustions in the level
of the lake, & pipeline, in order to provide an assured cupply, would

have to extend far out into the hke)cr. a prohibitive cost. e

f PR Mx&

Possibilities of additional ground-water supplies may p%
Mg the three principel rock types: Ifresh granodiorite, talus, and
residuum. Residuum is the chief source of water at the village; it
provides fairly large supplies to wells that tap a thick section
sbove fresh rock. Talus has not been developed extensively at Shaver
Lake as a source of water, although the springs at Ball Diamond Meadow
indicate the presence of moderate quantities of water. The fresh
grancdiorite has not been explored as a source of water locally,

Aot
although ieealdy 1:: other parts of California wells drilled
in similar rocks have been successful in ocbtaini ies for Z) /
LA W 7. 1t o) 2y yl g,
domestic use. R M

The most important aims in developing & new wvater supply for
Dora Belle Campground are as follows: (1) yield should be sufficient
to meet peak demand throughout the summer high-use period, (2) supply
should have adequate reserve to allow for future exp-mion or clmping
factaities, (3) vater shouls oLleiientontiy gurerand blologloally: sate
/-na prefersbly should not be subject to future pollution, and (k)

the cost of development should not be excessive. Although. the first

13



three aims are important, the fourth, as in most water developments,
is likely to be the governing factor. Methods available to augment
the supply include development of springs, vertical wells,‘lateral’
wells, collection galleries, and subsurface drains.

Although the writer recognizes the difficulty of predicting
relative success in an unprospected area, the several possibilities
of increasing the present supply are discussed herafter in rough
order of likelihood of success.

The most promising area for long=-range development is in the talus
at the foot of Mount Stevenson to the west of Ball Diamond Msadow. The
catchment area for recharge is large, and the water is retained in
tumm-mwm:momm. At the present
time, there are no dwellings upslope t0 intercept or contaminate the
ground water. Muthermore, the slope of the mountain 10 relatively
free or decaying vegetation; hence, the chances.-ef- ob.jectiomble organic
uttu' 1n M\ther are less.

' Tt is likely that hard granodiorite lies at fairly shallow depths;
therefore, vertical wells do not appear promising as a method of
developing the ground water. A system that employs lateral holes or
tunnels driven in the direction of the olom)‘h/mizontam or with a
slight gradeis more likely to be successful. Btill another method
would be a subsurface dam to i cept ground water and direct it to
a collecting point, u‘[ﬁ‘é’&m be bottomed on impervious rock so as to
prevent underflow.

%



Ball Diamond Meadow receives a liberal supply of water throughout
the year, and springs at the lower end are perennial, indicating that
the ground-water basin of the meadow is full and overflowing. Under
these conditions, a subsurface drain laid in a trench and backfilled
with suitable permeable material might supply sufficient water for
campground needs. Such a method would have an added advantage in that
the system could be extended at slight cost as demand grows. A major
disadvantage is that the floor of the meadow is a mass of decaying
organic matter; accordingly, water of poor quality might be obtained.
Vertical wol}o do not appear promising because of the possibility of

\Wthu:d rock at shallow depth; albheugh any well drilled would
be virtually assured of a stable yield at a low lift)b\tt the yield p wa?”
probably would be small, owing to the probable thinness and low permea-
bility of the deposits.

Closer to the present campground, water in limited quantity
probably could be obtained from wells drilled in residuum on the ridge
due west of the campground, near the southwest corner of sec. 25.
However, the residuum appears ’to e/ thin in this locality,‘ omu fu'ther
up the slope are in & position 0 imtercept the supply, and sde 2
possible source of contamination. Moreover, the catchment area of
this ridge is small and the slope is steep; therefore, it is doubtful
that any ground water developed on the ridge would provide an undimine

ished late-summer supply.

15



Lateral holes drilled in granodiorite offer some promise of
success. Becsuse of the vertical jointing in the granodiorite,
vertical wells are especially unpromising; lateral wells are far
more likely to penetrate water-bearing joints. Any lateral holes
should be drilled spproximately S,70° W,s0 as to intersect the maxi-
mum number of master joints, which trend sbout N.20° W. Owing to
the wide spacing of the joints in the granodiorite in the immediate
vicinity of the present campground, that area does not appear to be
& productive source of supply. More favorable sites are available
in closely jointed rock near Ball Diamond Meadow. Locations genere
ally west of the massive granodiorite outcrop that forms the sast
border of Ball Diamond Meadow appear to be suitable for a lateral
or laterals drilled to intersect the master joints.

Well-mubering Systen
The well-nunbering oylti’m used by the Geological Survey in

California shows the locations of wells and springs according to
the rectangular system for the subdivision of public landn. For
exsmple, in the number 9/24=35Ql, which was assigned to a well at
Musick Creek Ouard Station, the part of the mmber preceding the
slash indicates the township (T. 9 8.); the mmber following the
slash, the range (R. 24 E.); the digits following the hyphen, the
section (sec. 35); and the letter following the section number, the

L4O=acre subdivision of the section as shown in the accompanying diagram.



D|C A
3|7 B
ML 3
LERAKIRE

Within each 4O-acre tract the wells are mmbered serially, as
indicated by the final digit of the well mmber.
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